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Table 1-1 General understanding for TMO-based switching devices 
 Interface switching devices Filamentary switching devices 
Typical cell structure Non-stoichiometric TMO Stoichiometric TMO 
Operation polarity Bipolar Unipolar (Nonpolar)* 
Switching model Redox reaction Conductive path formation & rupture 
Advantages 
(Challenges) 
Low operating current, Endurance 
(Low speed, Low retention time) 
High speed, Long retention time 
(Poor evidence for cycle endurance) 





































Figure 1 (a) Schematic of the bilayer stack concept. TiO2
is the most promising switching material. In contrast, 
conductive filament formed in stoichiometric Ta2O5 does
not switch to HRS [1]. (b) Cross-sectional TEM image of 
Ru/Ta2O5/TiO2/Ru stack provided by Terai et al. [1]. TiO2
layer was deposited by using reactive sputtering. In this 



























































Figure 2 (a) Example of I-V characteristics including three states (Initial, LRS, and HRS) and three 
switching phenomena (FORMING, RESET, and SET). The data were plotted with semi-logarithm scale. (b) 
Distribution plot of RESET voltage of Ta2O5/TiO2 stacked structure ( ) against the LRS conductance 




抵抗は、サンプル B1 と B2 では 170程度、サンプル B3 では 340程度と見積もられる。この評価に
用いた TiO2は Ru下部電極上に形成された Ti層をプラズマ酸化することで形成されている。B3サンプ











































Figure 3 (a) Correlation between and . is influenced by series resistance ( ) as 
shown in the inset. (b) Distribution plot of essential switching voltage ( ) 
against the LRS conductance ( ) with difference in sample. The influence of series resistive element 















































































Figure 4 (a) Arrhenius plot of the zero bias conductance of HRSs. The activation energy is different with 
each HRS. (b) Fine structures in I-V characteristics of HRS3. (c) Physical image of HRS in Ta2O5/TiO2



















































































Figure 5 (a) SET/RESET cycling endurance at room temperature. (b) Thermal stability of the LRS and HRS 
conductance. The cell current after bake at 100 degrees C was monitored by using SMU of the 
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